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20 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 

The present invention relates to systems and methods for electrically 
25 interconnecting circuit boards, and in particular to a system and method for transmitting 
high power through a flexible circuit interconnect from the edge of a printed circuit 
board, through multiple coaxial interconnects, to a power regulator board, all within a 
reduced form factor. 
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2. Description of the Related Art 

As processing speeds continue to increase, the power demands of the processors 
used in such systems (such as microprocessors for servers and desktop systems) have 
increased dramatically. While patent applications referenced above have shown that it is 
5 desirable to mount power conversion modules (which convert higher voltage signals to 
low voltage-high current power signals) close to the devices that have high power 
dissipation requirements, it is often difficult to do so due to thermal, mechanical and other 
constraints. 

One reason for this difficulty is that the power in such devices often requires large 
1 0 heatsinks which encroach on the power conversion modules and forces the power 
conversion to be further away then desired. Thus, what often results is a fairly high 
dynamic voltage drop across the interconnection of the power interconnect, due to high 
slew-rate switching of the load, typically resulting in false switching of the device itself 
which may corrupt data. Therefore, it is seen that there is a need to bring both the power 
15 regulation closer to the load while maintaining a low impedance, small form factor, and 
easy to assemble construction which is of reasonably low cost. The present invention 
satisfies that need. 



SUMMARY OF THE INVENTION 
20 To address the requirements described above, the present invention discloses a 

method and apparatus for electrically interconnecting a first circuit board having a power 
conditioning circuit and a second circuit board having a power dissipating component 
disposed therebelow along a z (vertical) axis. In an illustrative embodiment, the 
apparatus comprises a first flexible circuit having a first set of raised conductive contacts, 
25 the first flexible circuit disposed on a first side of the second circuit board; and a second 
flexible circuit having a second set of raised conductive contacts, the second flexible 
circuit disposed on a second side of the second circuit board opposing the first side of the 
second circuit board. A power signal from the power conditioning circuit is provided to 
the second circuit board at least in part by either the first set of raised conductive contacts 
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on the first flexible circuit or the second set of raised conductive contacts on the second 
flexible circuit. Further, a groimd return is provided to the second circuit board by the set 
of raised conductive contacts that are not used to provide the power signal from the power 
conditioning circuit to the second circuit board. 

The present invention therefore can be described by a power interconnecting 
structure between a power regulator board and the card edge connector of an interposer 
board which houses a high performance microprocessor using a low impedance, low cost, 
flexible circuit. The housing may be made of molded plastic and the flexible circuits may 
be single-sided. The flexible circuit has multiple coaxial interconnects which 
interconnect to a power regulator module mounted directly above the edge-card interface 
of the interposer or the flexible circuit can connect directly to the power module without 
the intervention of the coaxial interconnects. A substrate may be mounted between or on 
the flexible circuits for interconnect to the coaxial connectors or the connection may be 
made directly to the flexible circuits themselves. The coaxial interconnects can be 
disconnectable at the flexible circuit side or the power module interface or may be 
permanently attached to both sides. Pressure to the edge card contact region on the 
interposer is maintained through either an elastomeric pad residing within the housing or 
through spring fingers located in the same area as the elastomer which maintains a 
constant force for a high conductivity electrical connection by pressing against the back of 
the flexible circuit opposite the side the bumps are located. Low electrical impedance is 
maintained by keeping the separation between the flexible circuits very small throughout 
the design. The electrical connection between the power regulator module and inteiposer 
requires very little space and maintains a very low electrical impedance while compacting 
the overall constmction by placing the integrated power regulator module above the 
interposer itself The unit also is designed where the flexible circuits compensate for 
mechanical tolerances in the stackup relieving forces from being appUed to the interposer 
and its associated thermal interface. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 A is a diagram illustrating a section view of the power interconnecting 
structure wherein the flexible circuit is split into separate circuits using a rigid circuit 
board which connect to the card edge connection pads of an interposer and, through 
coaxial interconnects attached to the rigid circuit board, join to a power regulator module; 

FIG. IB is a diagram illustrating a plan section view of the embodiment in FIG. 

lA; 

FIG. 2A is a diagram showing a section view where a single flexible circuit is 
used rather than two and the flexible circuit wraps around internal to the housing 
embracing the card edge connection pads of an interposer and, through coaxial 
interconnects, join to a power regulator module; 

FIG. 2B is a diagram illustrating a plan section view of the embodiment in FIG, 

2A; 

FIG. 3 illustrates a section view of the power interconnecting structure where the 
flexible circuits embrace the interposer board and are directly attached to coaxial 
interconnects that are permanently attached to a power regulator module; 

^ FIG. 4A is diagram illustrating a section view of the power interconnecting 
structure where the flexible circuit attaches directly to the power regulator module 
without use of a coaxial interconnect; 

^—..^ 

FIG. 4B is a diagram showing a plan view of the power interconnecting structure 
where the flexible circuit attaches directly to the power regulator module without use of a 
coaxial interconnect; and 

FIGs. 5 A and 5B are diagrams showing further detail regardiag the flexible 
circuits. 
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DKTAn. KD DESCRIPTION OF PREFERRED EMBODIMENTS 
In the following description, reference is made to the accompanying drawings 
which form a part hereof, and which is shown, by way of illustration, several 
5 embodiments of the present invention. It is understood that other embodiments may be 
utilized and structural changes may be made without departing from the scope of the 
present invention. 

FIG. 1 A and IB are diagrams illustrating a power interconnecting structure 10. 
Using the illustrated power interface assembly 1 1, the power interconnecting structure 10 

10 provides power (e.g. a power signal) between a first circuit board 101 having a power 



O conditioning/regulating circuit represented by module 208 and a second circuit board such 

Q 

III as a processor interposer board 120 which houses a high performance microprocessor 



210. Processor interposer board 120 utilizes a first set of continuous strip edge card 
contact pads 121 and 122 to receive power from power interface assembly 11. 

15 Arbitrarily, pad 121 is generally assigned ground potential and pad 122 is assigned 

gower. A first (upper) flexible circuit 1 16 is provided with either a continuous raised 
strip or a set of individual raised bump contacts 117 which electrically engage with the 
pad 121 on interposer 120. The strip 1 17 or individual contact bumps can be formed as a 
part of the flexible circuit 116 using either electro-plating methods or formed and solder 

20 joined contacts as currently practiced in the industry. In a similar manner, a lower 
flexible circuit 1 15 is also provided with a continuous raised strip 1 17 or individual 
contact bumps. In the illustrated embodiment, each flexible circuit 116, 117 carries only 
one polarity of power, e.g., ground or power. 

Pressure is applied to the contact area (the junction between interposer pad 121 

25 and strip/contact 117) utilizing compressible members 118 such as elastomeric pads 
residing in a cavity 202 formed by the upper housing 112 and the lower housing 113. 
Although shown as an elastomeric pad it is also possible to utilize a spring finger strip 
which can be located in the same area as the elastomeric pad 1 18 to provide a uniform 
pressure to the contact area. Upper flexible circuit 116 and lower flexible circuit 115 are 
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joined to rigid circuit board 111 which provides a moxmting structure for coaxial 
interconnects 110 and serves as a limit stop when inserting power interface assembly 1 1 
into processor interposer 120. 

In the illustrated embodiment, one or more coaxial interconnects 1 10 are 
5 permanently attached to circuit board 111 and a separable connection is provided at 
power regulator module 101 utiUzing screw 102 and washer 103 which provide a high 
pressure contact between the outer cylinder 1 1 OA of the coaxial interconnect 110 and 
ground pads 204 on power regulator module 101 . The power conditioning circuitry 208 
is then electrically connected to the ground pads 204 by a combination of vias and/or 
1 0 conductive planes and/or traces in the first circuit board 101. 

Similarly, the power circuit through the center conductor HOB of coaxial 
connector 1 10 is passed through the screw 102 and washer 103 to power polarity pads 
212 on the top of the first circuit board 101. The power conditioning circuitry 208 is then 
electrically connected to the power pads 212 by a combination of vias and/or conductive 
15 planes and/or traces in the first circuit board 101 . 

It should be noted that other designs of coaxial interconnect are possible and are 
disclosed in patents referenced above and hereby incorporated by reference herein. 

The ends of flexible circuits 1 16, 1 15 are wrapped around the ends of the first 
housing 112 £uid the second housing 113 and are secured in place using attachment 1 14 
20 which can preferably take the form of a heat stake if housings 1 12, 1 13 are plastic or may 
utilize riveting methods if housings 1 12, 1 13 are formed of metal. Fasteners 123 secure 
the upper housing 1 12 to the lower housing 113 while "trapping in place" rigid circuit 
board 111, thus creating a single assembly 1 1 in which the second circuit board 120 can 
be inserted and which can be secured to the first circuit board 101 using disconnectable 
25 fasteners, such as the screw 102 and washer 103. 

Although the mechanical tolerances of the stackup between the first circuit board 
101 and the second circuit board 120 in the z-axis (vertical) direction are small, such 
tolerances must be accounted for, thus requiring some degree of flexibility between these 
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components. Flexible circuits 115 and 116 provide for this mechanical acceptance in the 
area between the contact pad 117 and the rigid board 111. 

The interconnect structure shown in FIGs, 1 A and IB provide an electrical 
connection between the first circuit board 101 and the second circuit board 120 having 
5 very low electrical interconnect impedance. The inductive portion of this impedance is 
kept low by minimizing the loop area between contact pads 117 and coaxial interconnect 
110 attachment and by using the coaxial interconnects 110 which also have very low 
inductance. 

FIGs. 2 A and 2B are diagrams illustrating a power interconnect structure 10 
10 similar to that described in FIGs, 1 A and IB but which utilize a single contiguous flexible 
circuit 123 having a first flexible circuit portion 123 A and a second flexible circuit 
portion 124B enclosed in power interface assembly 12. In this embodiment, flexible 
circuits 123A and 123B maybe two separate circuits that are joined in the area of coaxial 
interconnect 110 forming a single assembly. As shown, the second flexible circuit 
15 portion 123B wraps around intemally in upper housing 125 and lower housing 126 and 
coming in contact with the lower pad 122 on the second circuit board 120. Electrical 
connectivity is made between a conductive surface on the flexible circuit 123B (such as 
the contact bumps described above with respect to FIGs. 1 A and IB) and the lower pad 
122. 

20 Bosses 128 which may be formed as a part of upper and lower housings 125 and 

126 serve to hold in place flexible circuit ends 123 A and 123B. This can be 
accomplished, for example, by using bosses 128 with surface features extending towards 
the flexible circuit 123, cooperatively interfacing with matching features such as holes 
extending vertically through flexible circuit 123. In addition, bosses 128 serve as limit 

25 stops when inserting power interface assembly 1 1 into second circuit board 120. 
Fasteners 127 secure the upper housing 125 to the lower housing 126. 

FIG. 3 is a diagram illustrating a power interconnect structure 10 similar to that 
described in FIG. 1 A and IB in which the power interface assembly 13 permits the 
coaxial interconnects 1 10 to be permanently attached to the first circuit board 101 in an 
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inverted arrangement. Upper flexible circuit 130A and lower flexible circuit 130B come 
together in yoke area 132 and are in intimate surface contact with one another over the 
area where coaxial interconnect 110 interfaces to the two flexible circuits. Insulating 
material may be placed between the flexible circuits in this area to avoid the two power 
5 circuits from shorting one another, if necessary. Bosses 128 which can be a part of upper 
and lower housings 1 12 and 113 serve to hold in place flexible circuits 131 and 132, as 
described above with respect to FIGs. 2A and 2B. An advantage of this arrangement is 
the reduction in loop area between contact pads 117 and coaxial interconnect 1 10. A 
secondary advantage is the simplification of the flexible circuit stmcture eliminating the 

1 0 need for rigid board 111. 

FIGs. 4A and 4B are diagrams illustrating a further embodiment of the power 
interconnect stmcture 10. Here, flexible circuits 142 and 143 are formed in a manner 
similar to that which was described with respect to FIG. 3, wherein a yoke area 132 is 
used to bring the upper flexible circuit 143 in contact with the lower flexible circuit 142, 

15 Unlike the embodiment in FIG. 3, however, after which the two flexible circuits 142, 143 
are joined, they egress through a rear aperture formed by the upper housing 140 and lower 
housing 141. The upper 140 and lower 141 housings can either entrap the flexible 
circuits 142 and 143 using surface features or friction, or mold them in place forming one 
overall assembly 13. 

20 After the flexible circmts 142 and 143 egress the housings 140 and 141 they are 

brought up to the first circuit board 101 where the ends of each flexible circuit are 
interdigitated forming altemating soldered connection tabs 146 and 146 which are 
soldered to corresponding altemating power and ground surface pads 144 and 145 on the 
lower surface of the first circuit board 101. This arrangement provides a low inductance 

25 connection due to the small loop area between the interdigitated connections comprising 
of pads 144 and 145, and simpUfies solder assembly, since a simple bar solder operation 
on one side of the flexible circuits can be used to solder all of the tabs of the flexible 
circuits to the pads on the power regulator module 101. 
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FIGs, 5 A and 5B are diagrams showing further detail regarding the flexible 
circuits 115, 1 16. FIG. 5 A is a diagram looking up from the bottom into first flexible 
circuit 115. The outline shown for flexible circuit 115 defines the perimeter of the copper 
foil of said flexible circuit pattem which forms the power interconnection. It will be 
5 understood that said flexible circuit further consists of additional insulating cover sheets 
in selected areas. Holes 504 are used for inserting attachments 114 through flexible 
circuit 115 thereby securing flexible circuit to housing 113. Plated through holes 508 
terminate in isolated pad 510 which accommodates the solder connection of outer 
cylinder 1 1 OA to second flexible circuit 116. Hole 514 which may be either plated or 
10 unplated receives inner cylinder HOB and is soldered to foil surface of flexible circuit 
115. Raised bump contacts 1 17 are shown as a dashed outline and are located on the far 
MB side of flexible circuit 115. Dashed Une 502 locates the terminus of rigid board 1 1 1 to 

Jp which flexible circuit 1 15 is laminated. 

FIG 5B is a diagram looking down firom the top into second flexible circuit 116. 
U 15 Again, the outline shown for flexible circuit 116 defines the perimeter of the copper foil 
% of said flexible circuit pattem which forms the ground interconnection. Hole 516, v^ich 

^ receives the inner cylinder HOB, is isolated from the conductive foil of flexible circuit 

H 11 6 by isolation area 518. Again, raised bump contacts 11 7 are shown as a dashed 

outline and are located on the far side of flexible circuit 116. 
20 Those skilled in the art will recognize many modifications may be made to this 

configuration without departing fi*om the scope of the present invention. For example, 
part of the power interconnecting structure could be used to provide signals as well as 
power, fi*om the first circuit board (or an altemate circuit board) to the second circuit 
board. 

25 , 

Conclusion 

This concludes the description of the preferred embodiments of the present 
invention. The foregoing description of the preferred embodiment of the invention has 
been presented for the purposes of illustration and description. It is not intended to be 



-33- 



exhaustive or to limit the invention to the precise form disclosed. Many modifications 
and variations are possible in light of the above teaching. It is intended that the scope of 
the invention be limited not by this detailed description, but rather by the claims 
appended hereto. The above specification, examples and data provide a complete 
description of the manufacture and use of the composition of the invention. Since many 
embodiments of the invention can be made without departing firom the spirit and scope of 
the invention, the invention resides in the claims hereinafter appended. 



